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Conflict-Free Planning Model for Air Traffic Control
Using Expert System ESHELL

Mitsuo NISHINA

Abstract

Attwooll presented an idea of precise air traffic control by preassigning time slots to individ-
ual flights in the traffic (GBR, 1977) . It was not practicable at that time. But now, using scheduling
technique in expert system and high accurate navigation technique in FANS concept of ICAQO, we
have the feasibility of the idea.

As the first step to the Attwooll’'s method, CONFLICT-FREE PLANNING MOODEL was
developed by using expert system ESHELL based on LISP.

Its function is to generate deconflicted ATC clearances of all domestic airlines’ flights in
Japan based on time table. As the result of test run consisted of 30 flights, the CPU time required
2 hours and 50 minutes on the running condition of 4 MIPS main frame computer and LISP
interpreter use.

The full size model of about 1,200 domestic flights will run in ten minute order, if high speed
workstation and high performance expert system are applied.
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s3x ESHELL USER PROGRAM 91/09/06 14:03:59 xas
xx BLACKBOARDD B 5 x»

LEVELZ : aDATALEVEL
ATTRIBUTES: END-FLIGHT SEPARATION-STANDARD DEPARTURE-DEFERMENT FLIGHT-LEVELS GROUND-SERVICE-TIME-MEANS TOWING-TIME-MATRIX
TAKE-OFF-TAXI~TIME-MATRIX TAKE-OFF-RUNWAY-TIME~MATRIX LANDING-RUNWAY-TIME-MATRIX LANDING-TAXI1-TIME-MATRIX

STATIC NODE <aDATA>

DEFAULT EXPRESSION:

END-FLIGHT = (LENGTH
(AFGET 'FLIGHT-SCHEDULE-LIST
TINSTANCE T¥LINK))

SEPARATION-STANDARD = (RIND
“INPUT SEPARATION STANDARD IN NM =>")
DEPARTURE-DEFERMENT = (RIND
"INPUT APPROVAL DEPARTURE-~DEFERMENT IN MIN IN LIST =>")
FLIGHT-LEVELS = T (50 70) (40 60))

((70 90) (&0 80))
((90 110) (80 100)))

(€190 210) (200 220))
((210 230 250) (220 240 260))
(250 270 290> (260 280 310)))

(€190 210) (200 220))
€(210 230 250) (220 240 260))
({250 270 290) (260 280 310))))
GROUND-SERVICE-TIME-MEANS = '(€0.0 3.0 3.0) (3.0 3.0 5.0)
(1.5 1.5 1.5) (1.5 1.5 1.5
(3.0 3.0 3.0))

TOWING-TIME~MATRIX = (0100 0)) ((20 2) (80 3) (100 4))
(€20 2> (80 3) (100 433>
TAKE-OFF-TAXI-TIME-MATRIX = (30 2) (70 3) (100 4)»

(€30 2) (70 3) (100 43
(30 4) (70 5) €100 6))

TAKE-OFF-RUNWAY-TIME-MATRIX = '(((50 1) (100 2))> ((50 1) (100 2))
(50 1) (100 23

LANDING-RUNWAY-TIME-MATRIX = '(((50 1) (100 2)) ({50 1) (100 2))
¢(50 1) (100 2>

LANDING-TAXI-TIME-MATRIX = (€33 2) (67 3> (100 4))

(¢33 2) (67 3) (100 4))
(¢33 2) (67 3) (100 4)))

LEVELZ : ATC-CLEARANCE

ATTRIBUTES: ORDER LEVEL DEFERMENT ROUTE AIRLINE FLIGHT-NUMBER TYPE DEPARTURE-AIRPORT ARRIVAL-AIRPORT DEPARTURE-TIME
ARRIVAL-TIME ALTITUDE SPEED TOWING TAXIING-BEFORE-TAKE-OFF RUNWAY-OCCUPANCY-FOR-TAKE-OFF FLIGHT-ON-EACH-SEGMENT
RUNWAY-OCCUPANCY-FOR~-LANDING TAXIING-AFTER-LANDING

LINKS ¢ LAST

DEFAULT EXPRESSION:
ORDER CADD1 (QVALUES QANODE 'LAST 'ORDER))
ROUTE (US:ROUTE? (QVALUE QNODE 'ORDER))
AIRLINE (US:AIRLINE? (®VALUE aNODE 'ORDER))

(US:FLIGHT~NUMBER?

(QVALUE 3NODE 'ORDER))
(US:TYPE? (QVALUE QaNODE 'ORDER))
(US:DEPARTURE-AIRPORT?

(BVALUE QNODE 'ORDER))
CUS:ARRIVAL-AIRPORT?

(2VALUE @NODE 'ORDER))

FLIGHT-NUMBER

TYPE
DEPARTURE-AIRPORT

ARRIVAL-AIRPORT

DEPARTURE-TIME = (US:DEPARTURE-TIME?
(AVALUE DNODE 'ORDER))
ARRIVAL~-TIME = (US:IARRIVAL-TIME?

(DVALUE @NODE 'ORDER))

ALTITUDE = (US:ALTITUDE-IN-DEFAULT?
(VALUE @NODE ‘*LEVEL))

SPEED = (US:SPEED?)

TOWING = (US:TOWING?

(RVALUE @NODE '"DEFERMENT))
CUS:TAXTING-BEFORE-TAKE-OFF?)
(US:RUNWAY-DCCUPANCY-FOR-TAKE-OFF?

(aVALUE @NODE 'LAST))
(US:FLIGHT-ON-EACH-SEGMENT?)
(US:RUNWAY-OCCUPANCY-FOR-LANDING?

(QVALUE QNODE 'LAST))
(US:TAXIING~AFTER-LANDING?)

TAXIING-BEFORE-TAKE-OFF
RUNWAY-QCCUPANCY-FOR~TAKE-OFF

FLIGHT-ON-EACH-SEGMENT
RUNWAY-OCCUPANCY-FOR-LANDING

[

TAXIING-AFTER-LANDING

u

*+ KNOWLEDGE SOURCE (D3t ==

KS NAME : INITIALI2ZE-KS (FORWARD)
STRATEGY: SINGLE ONCEONLY

RULE# <1>
IF
"C(READ-IN AIR-TRAFFIC-DATA)
THEN
1 EXECUTE
EXPRESSION : (US:READ-AIRPORT-LIST)
2 EXECUTE
EXPRESSION : (US:READ-AIRLINE-LIST)
3 EXECUTE
EXPRESSION : (US:READ-TYPE-LIST)
4 EXECUTE
EXPRESSION : (US:READ-FLIGHT~SCHEDULE-LIST)
5 EXECUTE
EXPRESSION : (US:READ-IDLE-LINE-LIST)
6 EXECUTE
EXPRESSION : (US:READ-FIX-LIST)
7 EXECUTE
EXPRESSION * (US:READ-SEGMENT-LIST)
8 EXECUTE
EXPRESSION : (US:READ-ROUTE-LIST)
9 EXECUTE
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EXPRESSION

10 PROPOSE
CHANGE TYPE: NULL
EVENT NAME ORDER
NODE NIL
KS NAME ORDERING-KS (FORWARD)
TRIGGERS: ORDER
STRATEGY: SINGLE ONCEONLY
RULE# <1>
IF
"{ORDERING FLIGHT-SCHEDULE)
THEN
1 EXECUTE
EXPRESSION
2 PROPOSE
CHANGE TYPE: NULL
EVENT NAME START
NODE NIL
XS NAME FIRST-FLIGHT-KS (FORWARD)
TRIGGERS: START
STRATEGY: SINGLE ONCEONLY
LOCALS ENDFLT = (3VALUE '"aDATA
SEPSTD = (QVALUE 'aDATA
DEPDEF = (QVALUE 'aDATA

RULE# <1>
IF

"(GENERATE ATC-CLEARANCE

(US:INITIALIZE-RANDOM~NUMBER-GENERATOR)

(US:ORDERING-FLIGHT-SCHEDULE)

"END-FLIGHT)
"SEPARATION-STANDARD)
'DEPARTURE-DEFERMENT)

OF FIRST FLIGHT)

THEN
1 EXECUTE
EXPRESSION (FORMAT "BEGIN SEARCH OF SOLUTION OF /C FLIGHTS /N®
ENDFLT)
2 EXECUTE
EXPRESSION (FORMAT "IN SEPARATION-STANDARD /C NM /N" SEPSTD)
3 EXECUTE
EXPRESSION (FORMAT "IN APPROVAL DEPARTURE-DEFERMENT /C MIN /N”
OEPDEF)
4 PROPOSE
CHANGE TYPE: NULL
EVENT NAME NOTHING
NODE NIL
5 PROPOSE
CHANGE TYPE: ADD
EVENT NAME SEYUP
LEVEL ATC-CLEARANCE
ATTRIBUTES ORDER 1
ROUTE (US:ROUTE? 1)
AIRLINE C(US:AIRLINE? 1)
FLIGHT-NUMBER = (US:iFLIGHT-NUMBER?
1
TYPE = (US:TYPE? 1)
OEPARTURE-AIRPORT = ( US:DEPARTURE-AIRPORT?
1)
ARRIVAL-AIRPORT = (US:ARRIVAL-AIRPORT?
1)
DEPARTURE-TIME = (US:DEPARTURE-TIME?
1)
ARRIVAL-TIME (US:ARRIVAL-TIME? 1)
SPEED (US:SPEED?)
ALTITUDE (USIALTITUDE?)
TOWING (US:TOWING? 0)
TAXIING-BEFORE-TAKE-OFF = (US:TAXIING-BEFORE-TAKE-OFF?)
RUNWAY-OCCUPANCY-FOR-TAKE~OFF = ( US:RUNWAY-OCCUPANCY-FOR-TAKE~OFF?
NIL)
FLIGHT-ON-EACH~SEGMENT = (US:FLIGHT-ON-EACH-SEGMENT?)
RUNWAY-OCCUPANCY-FOR-LANDING = ( US:RUNWAY-OCCUPANCY-FOR-LANDING?
NIL)
TAXIING-AFTER-LANOING = (US:ITAXIING-AFTER-LANDING?)
LINKS LAST = NIL
KS NAME SETUP-CLEARANCE-KS (FORWARD)
TRIGGERS: SETUP OK
STRATEGY: SINGLE ONCEONLY
LOCALS LAST-CLEARANCE = aFQCUSNODE

RULE# <1>
IF

(EQ (BVALUE LAST-CLEARANCE

"ORDER)

(AVALUE '@DATA 'END-FLIGHT))

"THE AI HAS FOUND A SOLUTION /N")

(US:ORDER-PLUS-ONE LAST-CLEARANCE))

'DEPARTURE-DEFERMENT)

THEN
1 EXECUTE
EXPRESSION C(FORMAT
2 PROPOSE
CHANGE TYPE: NULL
EVENT NAME SOLUTION
NODE LAST~CLEARANCE
RULE# <2>
ITERATION: FL = (US:FLIGHT-LEVELS
DD = (QVALUE 'aDATA
IF
‘(GENERATE BRANCH)
THEN
1 PROPOSE
CHANGE TYPE: ADD
EVENT NAME : CHECK
LEVEL : ATC-CLEARANCE
ATTRIBUTES LEVEL = FL
DEFERMENT = DD
LINKS LAST = LAST~CLEARANCE
KS NAME CONFLICT-CHECK-KS (FORWARD)

¥
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TRIGGERS: CHECK
SINGLE ONCEONLY

FRESH-CLEARANCE = Q@FOCUSNCDE

RULE# <1>

IF
(PROGN (@VALUE FRESH-CLEARANCE 'ORDER)
(dVALUE FRESH-CLEARANCE ‘ROUTE)
(BVALUE FRESH-CLEARANCE 'AIRLINE)
(AVALUE FRESH-CLEARANCE 'FLIGHT-NUMBER)
(@VALUE FRESH-CLEARANCE 'TYPE)
(BVALUE FRESH-CLEARANCE 'DEPARTURE-AIRPORT)
(RVALUE FRESH-CLEARANCE 'ARRIVAL-AIRPORT)
(@VALUE FRESH-CLEARANCE ‘'DEPARTURE-TIME)
(AVALUE FRESH-CLEARANCE 'ARRIVAL-TIME)
{dVALUE FRESH-CLEARANCE ‘'SPEED)
(@VALUE FRESH-CLEARANCE ‘*ALTITUDE)
(@VALUE FRESH-CLEARANCE ‘TOWING)
(dVALUE FRESH-CLEARANCE "TAXIING-BEFORE-TAKE-QFF)
(AVALUE FRESH-CLEARANCE '"RUNWAY-OCCUPANCY-FOR-TAKE-OFF)
(OVALUE FRESH-CLEARANCE 'FLIGHT-ON-EACHK-SEGMENT)
(3VALUE FRESH-CLEARANCE °*RUNWAY-OCCUPANCY-FOR-LANDING)
(AVALUE FRESH-CLEARANCE 'TAXIING-AFTER-LANDING)
(USICONFLICT-CHECK FRESH-CLEARANCE))
THEN
1 EXECUTE
EXPRESSION : (QDELNODE FRESH-CLEARANCE)
RULE# <2>
IF
"(FRESH-CLEARANCE 0K)
THEN
1 PROPOSE
CHANGE TYPE: NULL
EVENT NAME @ 0K
NODE : FRESH-CLEARANCE

KS NAME : NDO-SOLUTION-KS (FORWARD)
TRIGGERS: NOTHING
STRATEGY: SINGLE ONCEONLY
RULE# <1>
IF
*(NO SOLUTION)
THEN
1 EXECUTE
EXPRESSION : (FORMAT "THERE IS NO SOLUTION /N">

KS NAME : SOLUTION-QUTPUT-KS (FORWARD)
TRIGGERS: SOLUYION
STRATEGY: SINGLE ONCEONLY

LOCALS : END-CLEARANCE = @aFOCUSNODE
RULE# <1>
"(OUTPUT SOLUTION)
THER
1 EXECUTE
EXPRESSION : (US:SOLUTION-QDUTPUT END-CLEARANCE)
2 PROPOSE
CHANGE TYPE: NULL
EVENT NAME : TERM
NODE : NIL

*x CONTROL STRUCTURE D3t e=

INITIALIZATION FUNCTION = @INITIALIZE
TERMINATION FUNCTION = (LAMBDA NIL
(OR (NULL DEVENTQUEUE)
(ASSQ 'TERM QEVENTQUEUE)))
STEPEIR L — U
EXPECTATION <= ®EXPECTATIONQUEUE

EVENT <= @EVENTQUEUE
EVENT 1 0 17 8
SELECTION METHOD = @DEPTHFIRST
COLLECTION RULES =
EXPECTATIONE] 1% &
SELECTION METHOD = &BREADTHFIRST
MATCHER SAND
LHS EVALUATOR DAND

VALUE ADJUSTER = QASIS
POSTPROCESSING FUNCTION = US:POSTPROCESS

= 2 —YWEERBY

(DEFUN US:READ-AIRPORT-LIST NIL
C(CATCH 'ENDMARK
(LOOP(LOQP (SETQ ATFBF (SUBATF "DDD"))
(SET@ APONR
(US:STRING-TO-NUMBER
{SUBSTRING ATFBF 0 3))
APORTY
CINTERN (SUBSTRING ATFBF 4 7))
APONM
CINTERN
(US:REMOVE-EXTRA-SPACE
(SUBSTRING ATFBF 8 24))))
C(COND((EQUAL APONR 999) (THROW 'ENDMARK NIL))D
((NOT (EQUAL APONR 888)) (EXIT NIL))
(T NILDD)
C(LETS ((FRAME (QFINSTANTIATE 'AIRPORT-LIST ‘*AIRPORT)))
(aFPUT FRAME 'NUMBER '¥VALUE APONR)
(aFPUT FRAME 'ABBREV '¥VALUE APORT)
(AFPUT FRAME 'NAME '¥VALUE APONMY)))
(3FDESTROY 'AIRPORT)
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(US:POSTPROCESS-READ-LIST 'AIRPORT-LIST))

(DEFUN US:READ-AIRLINE-LIST NIL
(CATCH '"ENDMARK
(LOOP(LOOP (SETQ ATFBF (SUBATF "DDD"))
(SETQ ALNNR
C(US:STRING-TO-NUMBER
(SUBSTRING ATFBF 0 3))

ALN
CINTERN (SUBSTRING ATFBF 4 7))
ALNNM
CINTERN
(US:REMOVE~EXTRA-SPACE
(SUBSTRING ATFBF 8 20))))
(CONDC(EQUAL ALNNR 999) (THROW 'ENDMARK NIL))
° C((NOT (EQUAL ALNNR 888)) (EXIT NIL))
(T NILDY)
(LETS ((FRAME (@FINSTANTIATE 'AIRLINE-LISYT 'AIRLINE)))
(2FPUT FRAME 'NUMBER '¥VALUE ALNNR)
(2FPUT FRAME 'ABBREV '¥VALUE ALN)
(3FPUT FRAME 'NAME '¥VALUE ALNNM))))
(aFDESTRAY 'AIRLINE?
(US:POSTPROCESS~READ-LIST 'AIRLINE-LIST))

(DEFUN US:READ-TYPE-LIST NIL
(SETQ CTNR 0>
(CATCH 'ENOMARK
(LDOP(LOOP (SETQ@ ATFBF (SUBATF “DDD"))
(SETG TYP
CINTERN
(US:REMOVE-EXTRA-SPACE
(SUBSTRING ATFBF 0 3)))
TYPCD
(US:STRING-TO-NUMBER
(SUBSTRING ATFBF 4 6))
TYPNM
CINTERN
(US:REMOVE-EXTRA-SPACE
(SUBSTRING ATFBF 7 17))))
(CONDCC(EQUAL TYP (INTERN "999"))
(THROW 'ENDMARK NILY)
C(NOT (EQUAL TYP C(INTERN "B888")))
C(EXIT NILD)
(T NILY))
(LETS ((FRAME (@FINSTANTIATE 'TYPE-LIST 'TYPE)))
(aFPUT FRAME 'NUMBER '¥VALUE (INCR CTNR 1))
(2FPUT FRAME 'ABBREV T¥VALUE TYP)
(BFPUT FRAME 'CDDE '¥VALUE TYPCD)
(2FPUT FRAME 'NAME '¥VALUE TYPNM))))
(AFDESTROY 'TYPE)
(US:POSTPROCESS-READ-LISY 'TYPE-LIST))

(DEFUN US:READ-FLIGHT-SCHEDULE-LIST NIL
(SETQ ATFBF (SUBATF “DDD"))
(FORMAT “THE VALUE OF ATFBUFF IS /C. /N” ATFBF)
(SETQ YYYY (US:STRING-TO-NUMBER (SUBSTRING ATFBF 0 4))
MM (US:STRING-TO-NUMBER (SUBSTRING ATFBF 5 7))
00 (US:STRING-TO-NUMBER (SUBSTRING ATFBF 8 102))
C(LETS ((FRAME (RAFCREATE 'YEAR-MONTH-DATE>))
(aFPUT FRAME 'CLASS '¥VALUE "INDIVIDUAL)
(aFPUT FRAME 'YEAR '¥VALUE YYYY)
(aFPUT FRAME *MONTH '¥VALUE MM)
(9FPUT FRAME 'DATE '¥VALUE DD))
(SETQ CTNR O)
(CATCH 'ENDMARK
(LOOP(SEYTQ ATFBF (SUBATF "DDD“))>
(SETQ@ LDEP
CINTERN (SUBSTRING ATFBF 0 3))
LARR
CINTERN (SUBSTRING ATFBF 7 10)))
(CONDCCEQUAL LDEP C(INTERN "9997)) (THROW 'ENDMARK NIL))
(T NILY)
(LOOP(SETQ ATFBF (SUBATF ”DDD"))
(SETQ@ FALN
CINTERN (SUBSTRING ATFBF 0 3))
FFLT
(US:STRING-TO-NUMBER
(SUBSTRING ATFBF 4 7))
FTYP
CINTERN
(US:REMOVE-EXTRA-SPACE
(SUBSTRING ATFBF 8 11)))
FDTM
C(US:STRING-TO-NUMBER
(SUBSTRING ATFBF 12 16))
FATM
(US:STRING-TO~NUMBER
(SUBSTRING ATFBF 17 21)))
(CONDCCEGUAL FALN (INTERN “888")) (EXIT NIL)?
(T NIL»)
C(LETS
((FRAME
(QFINSTANTIATE 'FLIGHT-SCHEDULE-LIST
'FLIGHT-SCHEDULEY))D
(RFPUT FRAME *NUMBER '¥VALUE (INCR CTNR 1))
(2FPUT FRAME 'DEPARTURE-AIRPORT '¥VALUE LDEP)
(AFPUT FRAME 'ARRIVAL-ALRPORT '¥VALUE LARR)
(QFPUT FRAME 'AIRLINE '¥VALUE FALN)
(BFPUT FRAME 'FLIGHT-NUMBER '¥VALUE FFLT)
(aFPUT FRAME 'TYPE '¥VALUE FTYP)
(3FPUT FRAME 'DEPARTURE-TIME '¥VALUE FOTM)
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(FPUT FRAME 'ARRIVAL-TIME ‘'¥VALUE FATM))>)))
(IFDESTROY 'FLIGHT-SCHEDULE)
(US:POSTPROCESS-READ-LIST 'FLIGHT-SCHEDULE-LIST))

(DEFUN US:READ-IDLE-LINE-LIST NIL
(SETQ CTNR O)
CCATCH 'ENDMARK
C(LOOP(LOOP (SETQ ATFBF (SUBATF “DDD"))
(SETQ NONDEP
CINTERN (SUBSTRING ATF8F 0 3))
NONARR
CINTERN (SUBSTRING ATFBF 7 10)))
C(CONDC(EQUAL NONDEP C(INTERN "999"))
(THROW 'ENDMARK NIL))
(C(NOT (EQUAL NONDEP (INTERN “888")))
CEXIT NIL))
(T NILY))
(LETS ( (FRAME
(DFINSTANTIATE 'IDLE-LINE-LIST 'IDLE-LINE}))
(@FPUT FRAME *NUMBER '¥VALUE (INCR CTNR 1))
(aFPUT FRAME 'DEPARTURE-AIRPORT '¥VALUE NONDEP)
(aFPUT FRAME *ARRIVAL-AIRPROT '¥VALUE NONARR))))
(BFDESTROY 'IDLE-LINE)
(US:POSTPROCESS~-READ-LIST 'IDLE-LINE-LIST))

(DEFUN US:READ-FIX~LIST NIL
C(CATCH 'ENDMARK
(LOOP(LOOP (SETQ ATFBF (SUBATF "DDD“))
(SETQ  FIXNR
(DIFFERENCE
(US:STRING-TO-NUMBER
(SUBSTRING ATFBF 0 3))
1000
FIX
CINTERN
(US:REMOVE-EXTRA-SPACE
(SUBSTRING ATFBF & 7))
FIXNM
CINTERN
(US:REMOVE-EXTRA-SPACE
(SUBSTRING ATFBF 8 24))))
(COND((EQUAL FIXNR 899) (THROW 'ENDMARK NIL))
C(NOT (EQUAL FIXNR 788)) (EXIT NIL))
(T NILYD)D
C(LETS ((FRAME (QFINSTANTIATE 'FIX-LIST 'FIX)))
(3FPUT FRAME *NUMBER '¥VALUE FIXNR)
(aFPUT FRAME ‘'ABBREV '¥VALUE FIX)
(@FPUT FRAME 'NAME '¥VALUE FIXNM))))
(BFDESTROY 'FIX)
(US:POSTPROCESS-READ-LIST 'FIX-LIST))

(DEFUN US:READ-SEGMENT-LIST NIL
(SETQ CTNR O
(CATCH  'ENDMARK
(LOOP(LOOP (SETQ ATFBF (SUBATF “DDD"))
(SETQ SEGBGN
CINTERN
(US:REMOVE-EXTRA-SPACE
(SUBSTRING ATFBF 0 3)))
SEGEND
CINTERN
(US:REMOVE-EXTRA~SPACE
(SUBSTRING ATFBF 4 7)))
SEGDIST
(US:STRING-TO-NUMBER
(SUBSTRING ATFBF 8 11)))
C(CONDCCEQUAL SEGBGN (INTERN "9997))
(THROW 'ENDMARK NIL))
((NOT (EQUAL SEGBGN (INTERN "888")))
CEXIT NIL))
(T NILY))
C(LETS ((FRAME (QFINSTANTIATE 'SEGMENT-LIST *SEGMENT)))
(dFPUT FRAME *NUMBER '¥VALUE (INCR CTNR 1))
(AFPUT FRAME *BEGIN-FIX '¥VALUE SEGBGN)
(8FPUT FRAME 'END-FIX *¥VALUE SEGEND)
(aFPUT FRAME 'DISTANCE '¥VALUE SEGDIST))))
(RFDESTROY 'SEGMENT)
(US:POSTPROCESS-READ~LIST *SEGMENT-LIST))

(DEFUN US:READ-ROUTE-LIST NIL
(SETQ CTNR 0)
C(CATCH 'ENDMARK
CLOQPCLOOP (SETQ ATFBF1 (SUBATF “DDD”) ATFBF2 (SUBATF “DDD"))
(SETQ RDEP .
CINTERN (SUBSTRING ATFBF1t 0 3))
RARR
CINTERN (SUBSTRING ATFBF1 4 7))
RDIC
CINTERN (SUBSTRING ATFBFL 8 93}
RFIX1
(SUBSTRING ATFBF1 10 57)
RFIX2
(SUBSTRING ATFBF2 10 57))
(COND (CEQUAL RDEP (INTERN "999"))
(THROW 'ENDMARK NIL))
((NOT (EQUAL RDEP (INTERN “888")))
CEXIT NILY)
(T NILY))
CLETS ((FRAME (QFINSTANTIATE 'ROUTE-LIST *ROUTE)))
(3FPUT FRAME "NUMBER '"¥VALUE (INCR CYNR 1))
(2FPUT FRAME *DEPARTURE-AIRPORT '¥VALUE RDEP)

ft
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(dFPUT FRAME 'ARRIVAL-AIRPORT '¥VALUE RARR)
(QFPUT FRAME ‘OIRECTION '¥VALUE RDIC)
(QFPUTFRAME
'"PASSING-FIX
'¥VALUE
(US:LISTING-OF-PASSING-FIX RFIX1 RFIX2)))))
(QFDESTRAY 'ROUTE)
(US:POSTPROCESS-READ~LIST "ROUTE-LIST))

(DEFUN US:POSTPROCESS NIL (FORMAT ”/N SEARCHING HAS FINISHED /N"))

(DEFUN US:STRING-TO-NUMBER (STR)
(LETS ((P0OS (STRING-SEARCH-CHAR "."” STR)) (FCHR (SREF STR 0))

(BP0OS (COND ¢ (OR (EQUAL FCHR (CHARACTER “-"))
(EQUAL FCHR (CHARACTER “+")))
1
(T 0N
(SIGN (COND ((EQUAL FCHR (CHARACTER "-")) -1) (T 1))
(TIMESSIGN

C(COND(POS (PLUS (US:STR-TO-FIX (SUBSTRING STR BPOS POS))
(US:STR-TO-DEC (SUBSTRING STR (ADD1 P0S)IID))
(T (US:STR-TO-FIX (SUBSTRING STR BP0S)))))))

(DEFUN US:STR-TO-FIX (STR)
(DOCCZERO (CHARACTER "0"))
(NUMO
(PLUS (TIMES NUM 10) (DIFFERENCE (SREF STR POS) ZERQ)))
(POS O (ADD1 POS)))
(CEQUAL POS (STRING-LENGTH STRY) NUMY))

(DEFUN US:STR-TO-DEC (STR)
(DOCCZERD (CHARACTER "0”))
(NUMO .0
(PLUSCQUOTIENT NUM 10)
(DIFFERENCE (SREF STR POS) ZERO)))
(POS (SUB1 (STRING-LENGTH STR)) (SUB1 POS)))
C(EQUAL POS -1) (QUOTIENT NUM 10)))3)

(DEFUN US:REMOVE-EXTRA-SPACE (STR)
CLETS ((STRL (STRING-LENGTH STR)))
(CONDCCEQUAL STRL 1) STR)
4

CEQUAL (SUBSTRING STR (SUB1 STRL)) " )
C(US:REMOVE-EXTRA-SPACE (SUBSTRING STR O (SUB1 STRL))))
(T STRII))

(DEFUN US:POSTPROCESS-READ-LIST (PNAME)
(MAPCAR (®FGET PNAME 'INSTANCE '¥LINK)
CFUNCTION (LAMBDA (X) (US:CONVERT-FNAME X PNAME)))))

(DEFUN US:CONVERT-FNAME (FNAME Y)
(LETS ( (NEW-FNAME
(LETS ((SUFIX (BFGET FNAME 'NUMBER '¥VALUE '(0)))
(SUFIX1 (REMAINDER (QUOTIENY SUFIX 1) 10))
(SUFIX2 (REMAINDER (QUOTIENT SUFIX 10) 10))
C(SUFIX3 (REMAINDER (QUDTIENT SUFIX 100) 10))
(SUFIX4
(REMAINDER (QUOTIENT SUFIX 1000) 10)))
(STRING-APPEND
(SUBSTRING
FNAME

0
(DIFFERENCE (STRING-LENGTH FNAME) 4))
(SUBSTRING “0123456789” SUFIX4 (ADD1 SUFIX4))
(SUBSTRING 0123456789 SUFIX3 (ADD1 SUFIX3))
C(SUBSTRING "012345678%“ SUFIX2 (ADD1 SUFIX2))
(SUBSTRING "0123456789” SUFIX1
CADD1 SUFIX1))))))
(QFREMOVE Y 'INSTANCE '¥LINK FNAME)
(aFPUT Y 'INSTANCE "¥LINK C(INTERN NEW-FNAME)>)
(AFCOPY FNAME C(INTERN NEW-FNAME))
(BFDESTROY FNAME)>))

(DEFUN US:LISTING-OF-PASSING-FIX (STR1 STR2)
(LETS ({LIST1 (US:CUTOUT-FROM-STRING STR1))
(LIST2 (US:CUTOUT-FROM-STRING STR2)))
(US:STRING-TO-SYMBOL-IN-LIST
(US:REMOVE-EXTRA-FIX (APPEND LIST1 LIST2)))))

(DEFUN US:CUTOUT-FROM-STRING (STR)
(DOC(POS O (PLUS POS 4))
(LIST1 NIL (CONS (SUBSTRING STR POS (PLUS POS 3)) LIST1)))
((EQUAL POS 48> (REVERSE LIST1))))

(DEFUN US:STRING-TO-SYMBOL-IN-LIST (LIST)
(MAPCAR LIST
CFUNCTION (LAMBDA (X)> (INTERN (US:REMOVE-EXTRA-SPACE X))))))

(DEFUN US:REMOVE-EXTRA-FIX (LIST)
CLETS ((LISTR (REVERSE LIST)))
C(REVERSE (US:REMOVE-EXTRA~FIX1 LISTR))))
(DEFUN US:REMOVE-EXTRA-FIX1 (LISTR)
(CONDCINOT (EQUAL (CAR LISTRY * ") LISTR)
(T (US:REMOVE-EXTRA-FIX1 (COR LISTR)))))

(DEFUN US:INITIALIZE-RANDOM-NUMBER-GENERATOR NIL
(SETQ@ RANIND 1 RANSKP 10))

(DEFUN US:ORDERING-FLIGHT-SCHEDULE NIL
(LETS ( (FTABLE (MAPCAR
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(2FGEYT 'FLIGHT-SCHEDULE-LIST 'INSTANCE '¥LINK)
(FUNCTION
C(LAMBDA ¢X)
(LIST
(AFGET X 'DEPARTURE-TIME ‘¥VALUE '(0))
X))
(US:O0RDERING
(SORTFTABLE
(FUNCTION (LAMBDA (U V) (< (CAR U) (CAR V)))))))

(DEFUN US:ORDERING (QTABLE)
(DOCCCNTR 1 (PLUS CNTR 1)) (WORK OTABLE (CDR WORK)))
C(NULL WORK) NIL)
(@FPUT (CADAR WORK) 'ORDER '¥VALUE CNTR))

(DEFUN US:ROUTE? (ORD)>

(LETS ((FLSCH (CAR (QFRAME~FIND 'ORDER ORD))>>
(FLDEP (@FGET FLSCH 'DEPARTURE-AIRPORT '¥VALUE '(0)))
CFLARR (RFGET FLSCH 'ARRIVAL-AIRPORT '¥VALUE '(0)))
(RLGTH (US:ROUTE-LENGTH FLDEP FLARR))
C(RRANK (US:ROUTE-RANK RLGTH)))

(SETQ NOW-ROUTE (LIST FLDEP 'TO FLARR RRANK RLGTH))
NOW=~ROUTE))

(DEFUN US:ROUTE-LENGTH <(RD RA)
(LETS ((SET1 (AFRAME-FIND 'DEPARTURE-AIRPORT RD))
(SET2 (AFRAME-FIND 'ARRIVAL-AIRPORT RA))
(SET3 (QFGET 'ROYTE-LIST 'INSTANCE '¥LINK))
(ROUT (CAR
CUS:INTERSECTION (US:INTERSECTION SET1 SET3)
(US:IINTERSECTION SET2 SET33))))
(US:ROUTE-LENGTH1 RCOUTY))

(DEFUN US:ROUTE-LENGTH1 (RT)
CLETS ((FLIST (QFGET RT 'PASSING-FIX ‘¥VALUE '(3))))
(US:ROUTE-LENGTHZ FLIST)))

(DEFUN US:ROUTE-LENGTH2 (FLIST)
(COND((EG@ (LENGTH FLIST) 1) 0)
(T(/+ (RFGET (CAR
(US:UNIDN
C(US:{INTERSECTION
(AFRAME-FIND 'BEGIN-FIX (CAR FLIST))
(QFRAME-FIND 'END-FIX (CADR FLIST)))

(US:INTERSECTION
(QFRAME-FIND °'BEGIN-FIX (CADR FLIST))
(AFRAME-FIND *END-FIX (CAR FLIST))>)>))
"DISTANCE
"¥VALUE
(0
CUS:ROUTE-LENGTHZ (CDR FLIST)))>>))

C(DEFUN USIROUTE-RANK (RL)
(CONDC(<= RL 200> 'SHORT)
CCAND (>= RL 201) (<= RL 400)) 'MEDIUM)
((>= RL 401> 'LONG)
(T (FORMAT “ROUTE-RANK ERROR"))))

(DEFUN US:UNION (X Y)
CCONDC(NULL X> Y)
C(MEMBER (CAR X) Y) (US:UNION (CDR X) Y
(T CUS:UNION (CDR X)> (CONS (CAR X) Y)3)))

(DEFUN US:INTERSECTION (X Y)
CLETS  ((XUY CUS:IUNION X Y)))
(MAPCAN  XUY
C(FUNCTION
(LAMBDA  (E)
C(CONDCCAND (MEMBER E X) (MEMBER E Y>) (LIST E))
(T NILDIMD)

(DEFUN US:AIRLINE? (ORD)
C(LETS ((FLSCH (CAR (&FRAME-FIND 'ORDER ORD))))>
(SETQ NOW-AIRLINE (QFGET FLLSCH '"AIRLINE '"¥VALUE '(0)>)
NOW-AIRLINE))

(DEFUN US:FLIGHT-NUMBER? (ORD)
C(LETS ((FLSCH (CAR (@FRAME-FIND 'ORDER ORD)>))
(SET@ NOW-FLIGHT-NUMBER
(BFGET FLSCH 'FLIGHT-NUMBER '¥VALUE '(0)))
NOW~FLIGHT-NUMBER))

(DEFUN US:TYPE? (ORD)
(LETS ((FLSCH (CAR (@FRAME-FIND 'ORDER ORD)))
(TYP (DFGET FLSCH 'TYPE '¥VALUE '(D)))
(TYPE (CAR (US:INTERSECTION (QFRAME-FIND *ABBREV TYP)
(@FGET 'TYPE~LIST 'INSTANCE '¥LINK))))
(TYPCD (RFGET TYPE 'CODE '¥VALUE '(0))))
(SET@ NOW-TYPE (LIST TYP
(LETS ((RK (/7 TYPCD 10)))
(COND ((EQ RK 1) °'TYPE1)
((E@ RK 2) 'TYPE2) ((E@ RK 3) 'TYPE3)
(T (FORMAT "TYPE-RANK ERROR”))))))
NOW-TYPE))

(DEFUN US:DEPARTURE-AIRPORT? (ORD)
(LETS ((FLSCH (CAR (QFRAME-FIND 'ORDER ORD))))
(SETQ NOW-DEPARTURE-AIRPORY
(QFGET FLSCH 'DEPARTURE-AIRPORT '¥VALUE '(0)))
NOW-DEPARTURE~AIRPORT))




(DEFUN US:ARRIVAL-AIRPORT? (ORD)
CLEYS ((FLSCH (CAR (QFRAME-FIND 'ORDER ORD))>)
(SETQ@ NOW-ARRIVAL-AIRPORT
(AFGET FLSCH 'ARRIVAL-AIRPORY '¥VALUE *'(0)))
NOW-ARRIVAL-AIRPORT))

(DEFUN US:DEPARTURE-TIME? (ORD)
C(LETS ((FLSCH (CAR (QFRAME-FIND 'ORDER ORD))))
(SET@ NOW-DEPARTURE-TIME
(BFGET FLSCH 'DEPARTURE-TIME '¥VALUE '(0)))
NOW-DEPARTURE-TIME))

(DEFUN US:ARRIVAL-TIME? (ORD)
(LETS ((FLSCH (CAR (RFRAME-FIND °*ORDER ORD))>)
(SETQ NOW-ARRIVAL~TIME (QFGET FLSCH 'ARRIVAL-TIME '¥VALUE '(0)))
NOW-ARRIVAL-TIMEY)

(DEFUN US:SPEED? NIL
C(LETS ((SCHTM (US:tFLIGHT-TIME-IN-SCHEDULE))

(GDSVT (US:GROUND-SERVICE-TIME-TOTAL))

(FDIST (US:FLIGHT-DISTANCE)?

(SPEED (COND

((>=¥ GOSVT (FLOAT SCHTM))
(FORMAT

“CAN NOT CALCULATE SPEED FOR /C TO /C /C /C”
NOW-DEPARTURE-AIRPORT
NOW-ARRIVAL-AIRPORT NOW-AIRLINE
NOW-FLIGHT-NUMBER))>

(a8
C/+¥
(/7% (x¥ 60.0 (FLOAT FDIST))
(/-¥ (FLDAT SCHTM) GDSVT))
0.533)))
(SETQ NOW-SPEED (s (// (/+ (FIX SPEED) 5) 10} 10))
NOW-SPEED))

(DEFUN US:FLIGHT-TIME-IN-SCHEDULE NIL
(LETS ((DTM NOW-DEPARTURE-TIME> (ATM NOW-ARRIVAL-TIME)
(MIN1 C(US:HM-TO-MIN DTM)) (MIN2 (US:HM-TO-MIN ATM)))
(/- MIN2 MIN1)))

(DEFUN US:GROUND-SERVICE-TIME-TOTAL NIL
(LETS ((IND (US:INDEX-FOR-GDSVTM-TOTAL))
(GST (QVALUE '@DATA 'GROUND-SERVICE-TIME-MEANS)))
(DOCCTTL 0.0 (/+4¥ TTL (NTH (/- IND 1) (CAR MTX))))
(MTX GST (CDR MTX)))}
CONULL MTX) TTLI)))

(DEFUN US:INDEX-FOR-GDSVTM-TOTAL NIL
(LETS ((TYPE NOW-TYPE} (TABR (CAR TYPE)) (TRNK (CADR TYPE)))
(CONDC(MEMBER TABR '(D41 MB81 M87)) 1)
(T (US:STRING-TO-NUMBER (SUBSTRING TRNK 4 5))))))

(DEFUN US:FLIGHT-DISTANCE NIL (FIFTH NOW-ROUTE))

(DEFUN US:HM-TO-MIN (HHMM)
(/+ (x (/7 HHMM 100) 60) (REMAINDER HHMM 100)))

(DEFUN US:MIN-TO-HM (MIN)
C/+ Cx (// MIN 60) 100) (REMAINDER MIN 60)))

(DEFUN US:ALTITUDE? NIL
CLETS ((LV5 (US:POSSIBLE-LEVELS)))
(FORMAT “SELECT FLIGHT-LEVEL OF FIRST-FLIGHT FROM /C /N” LVS)
(LOOPC(LETS ((LV (RIND "LEVEL=>")))
CAND (MEM@ LV LVS) (SETQ NOW-ALTITUDE LV) CEXIT LV)I))))
C(US:CONFIRM-ALTITUDE))>

(DEFUN US:POSSIBLE-LEVELS NIL
(LETS ((TR (US:TYPE-RANK1)) (RR (US:ROUTE-RANK1))
(RD CUS:ROUTE-DIRECTION1))
(FL.S (AVALUE '"@DATA 'FLIGHT-LEVELS)))
(US:SELECT-POSSIBLE-LEVELS TR RR RD FLS)))

(DEFUN US:TYPE-RANK1 NIL (CADR NOW-TYPE))
(DEFUN US:ROUTE-RANK1 NIL (FOURTH NOW-ROUTE))

(DEFUN US:ROUTE-DIRECTION1 NIL
(LETS ((RDEP (CAR NOW-ROUTE)) (RARR (CADDR NOW-ROUTE))
(SET1 (QFRAME-FIND 'DEPARTURE-AIRPORT ROEP))
(SET2 (QFRAME-FIND 'ARRIVAL-AIRPORT RARR))
(SET3 (BFGET 'ROUTE~LIST *INSTANCE '¥LINK))
(ROUT (CAR
(US:INTERSECTION (US:INTERSECTION SET1 SET3)
(US:INTERSECTION SET2 SET32))))
(QFGET ROUT 'DIRECTION '¥VALUE '(0>))?

(DEFUN US:SELECT-POSSIBLE-LEVELS (X Y Z W)
CLETS ¢ (W1 CCOND (CEQUAL X 'TYPE1l) (CAR W))
((EQUAL X 'TYPE2) (CADR W))
C(EQUAL X 'TYPE3) (CADDR W))
(T (FORMAT “TYPE-RANK ERROR")}))}

(W2 (COND ((EQUAL Y *SHORT) (CAR W1))
(CEQUAL Y 'MEDIUM) (CADR Wi))
CCEQUAL Y "LONG) (CADDR W1))
(T (FORMAT “ROUTE-RANK ERROR”))))

(W3 (COND ((EQUAL Z 'E) (CAR W2))
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((EQUAL Z 'W) (CADR WwW2))
(T (FORMAT "“ROUTE-DIRECTION ERROR“))>)))
w3

(DEFUN US:CONFIRM-ALTITUDE NIL
(LETS ((ROUT NOW-ROUTE) (TYPE NOW-TYPE) (ALTT NOW-ALTITUDE>
(SPED NOW-SPEED) (FLTM (US:FLIGHT-TIME ROUT SPED))
(ALTS (USIALTITUDES ALTT)))
(DO C(WORK ALTS (COR WORK)))
¢

(>= (US:LEVEL~-FLIGHT-TIME FLTM TYPE (CAR WORKX)) 0)
(SETQ NOW-CONFIRMED-ALTITUDE (CAR WORX))
NOW-CONFIRMED-ALTITUDE))))

(DEFUN US:FLIGHT-TIME (ROUTE SPEED?
C(LETS ((SET1 (RFRAME-FIND *DEPARTURE-AIRPORT (NTH 0 ROUTE)))
(SET2 (QFRAME-FIND ‘'ARRIVAL-AIRPORT (NTH 2 ROUTE)))
(SET3 (RFGET 'ROUTE-LIST 'INSTANCE '¥LINK))
(ROUT (CAR (US:INTERSECTION
(US:INTERSECTION SET1 SET3)
(US:INTERSECTION SET2 SET3))>))
(FIXS (®FGET ROUY ‘'PASSING-FIX '¥VALUE '(03))))
(US:FLIGHT-TIME1l FIXS SPEED)))

(DEFUN US:FLIGHT-TIME1 (FIXS SPED)
CCONDCCEQ (LENGTH FIXS) 1) O)
(TC¢/+ (LETS ( (DIST
(RFGET
(CAR
(USTUNION
(US:INTERSECTION
(QFRAME-FIND 'BEGIN-FIX
(CAR FIXS))

(AFRAME-FIND 'END-FIX
(CADR FI1XS)>))

(US:INTERSECTION
(QFRAME-FIND 'BEGIN-FIX
CCADR FIXS))

(IFRAME-FIND 'END-FIX
C(CAR FIXS)))))
'"DISTANCE '¥VALUE '(0))))
CFIX(/+¥ (x¥ 60.0 (//¥%¥ (FLOAT DIST) (FLOAT SPED))Y)
0.5
CUS:FLIGHT-TIMEY (CDR FIXS) SPEDY)>)))

(DEFUN US:ALTITUDES (ALTT)
(LETS ((LVS (US:POSSIBLE-LEVELS)))
(MEMBER ALTT (REVERSE (PUSH 0 LVS)))>))

(DEFUN US:LEVEL-FLIGHT-TIME (FLTM TYPE ALTCOD
C(LETS ((RATE (COND ((EGUAL (CADR TYPE) 'TYPE1) 10> (T 20)))
(CLDS (/+¥ (//% (FLOAT ALTC) (FLOAT RATE)) 0.5))
(CDTM (FIX CLDS)))
(/- FLTM (x 2 COTM))))

(DEFUN US:TOWING? (DD)
(LETS ((TYP NOW-TYPE) (BGN (US:TOWING-BEGIN-TIME DD
CEND (USITOWING-END-TIME BGN TYP)))
(SETQ NOW-TOWING (LIST BGN END))
NOW-TOWING))

(DEFUN US:TOWING-BEGIN-TIME (DD)
(US:MIN-TO-HM (/+ (US:HM-TO-MIN NOW-DEPARTURE-TIME) DD)))

(DEFUN US:TOWING-END~-TIME (BGN TYP)
(USIMIN-TO-HM (/+ (US:HM-TO-MIN BGN) (US:TOWING-TIME TYP))))

(DEFUN US:TOWING-TIME (TYPE)
(LETS ((TYP (CAR TYPE)) (TRK (CADR TYPE))
C(IND (COND ((MEMBER TYP ‘(D41 M81 M87)) 1)
T
(US:STRING-TO~-NUMBER (SUBSTRING TRX 4 5)))))
(MTX (QVALUE '3DATA 'TOWING-TIME-MATRIX))
(DNF C(COND ((= IND 1) (CAR MTX))
(¢(= IND 2) {(CADR MTX))
C(¢= IND 3) (CADDR MTX))
(T (FORMAT “TOWING-TIME ERROR"))>)))
(US:TIME-DECISION-BY-DNF-&-RN DNF)))

(DEFUN US:TIME-DECISION-BY-DNF-8&~-RN (DNF)
(LETS ((RANND (SUBRAN RANIND RANSKP)))
(DOCIN O (/+ N 1))
¢
(< RANNO (CAR (NTH N DNF)))
(SETQ RANIND 2)
CCADR (NTH N DNF))>))))

(DEFUN US:TAXIING-BEFORE-TAKE-OFF? NIL
CLETS ((TYP NOW-TYPE) (BGN (CADR NOW-TOWING))
CEND (US:TAKE-OFF-TAXI-END-TIME BGN TYP)))
(SETQ NOW-TAXIING-BEFORE-TAKE-QFF (LIST BGN END))
NOW-TAXIING-BEFORE-TAKE-OFF)?>

(DEFUN US:TAKE-OFF~TAXI~END-TIME (BGN TYP)
(USIMIN-TO-HM
(/+ (US:IHM-TO-MIN BGN) (US:TAKE-QFF~TAXI-TIME TYP))))

(DEFUN US:TAKE-OFF-TAXI-TIME (TYP)




(LETS (C(TRK (CADR TYP))
(IND (US:STRING-TO-NUMBER (SUBSTRING TRK & 5)))
(MTX (@VALUE '@aDATA 'TAKE-OFF-TAXI-TIME-MATRIX))
(ONF (COND (= IND 1) (CAR MTX))
¢ IND 2) (CADR MTX))
(¢= IND 3) (CADOR MTX))
(T (FORMAT "TAKE-QFF-TAXI-TIME ERROR”)))))
(US:TIME-DECISION-BY-DNF-&-RN DNF)))

(DEFUN US:RUNWAY-OCCUPANCY-FOR-TAKE-OFF? (LAST-CLEARANCE)
C(LETS ((CAND (US:OCCUPANCY-CANDIDATE-T))
(BLKD (US:BLOCKED-INTERVALS~-T LAST-CLEARANCE)))
(SETQ@ NOW-RUNWAY-OCCUPANCY-FOR-TAKE-OFF
(CONDCCNULL LAST-CLEARANCE) CAND)
(T (US:POSSIBLE-OCCUPANCY CAND BLKD))))
NOW-RUNWAY-OCCUPANCY-FOR-TAKE-OFF))

(DEFUN US:OCCUPANCY-CANDIDATE-T NIL
(LETS ((TYP NOW-TYPE) (BGN (CADR NOW-TAXIING-BEFORE-TAKE-O0FF))
CEND (US:TAKE-OFF-RUNWAY-OCCUPANCY-END-TIME BGN TYP)))
(LIST BGN END)))

(DEFUN US:TAKE-OFF-RUNWAY~OCCUPANCY-END-TIME (BGN TYP)
(US:MIN-TO-HM
(/+(US:IHM-TO-MIN BGN)
(US:YAKE-QFF-RUNWAY-QCCUPANCY-TIME TYP))))

(DEFUN US:TAKE-OFF-RUNWAY-OCCUPANCY-TIME (TYP)
(LETS ((TRK (CADR TYP))
CIND (US:STRING-TO-NUMBER (SUBSTRING TRK &4 5)))
(MTX (QVALUE '@DATA 'TAKE-OFF-RUNWAY-TIME-MATRIX))
(DNF (COND ((= IND 1) (CAR MTX))
(¢= IND 2) (CADR MTX))
((= IND 3) (CADDR MTX))
(T
(FORMAT
"TAKE-OFF-RUNWAY-OCCUPANCY-TIME ERROR")))))
(US:TIME-DECISION-BY~DNF-&-RN DNF}))

(DEFUN US:BLOCKED-INTERVALS-T (LAST-CLEARANCE)
(LETS ((APOR NOW-DEPARTURE-AIRPORT)
(SET1 (DO ((LINK LAST-CLEARANCE (®VALUE LINK 'LAST))
C(CHAIN NIL (PUSH LINK CHAIN)))
CCNULL LINKY CHAIN)D)

(SET2 (@FIND-IN-LEVEL
"ATC-CLEARANCE
C(LIST (LIST 'DEPARTURE-AIRPORT APORY)))

(SET3 (RFIND~IN-LEVEL
'"ATC-CLEARANCE
(LIST (LIST 'ARRIVAL-AIRPORY APOR))))
(SET4 (US:INTERSECTION SET1 SET2))
(SET5 (US:INTERSECTION SET1 SET3))
(DBLK (COND ((NULL SET4) NIL)
(&)
(MAPCAR SET4
C(FUNCTION
C(LAMBDA (X}
(QVALUE X
"RUNWAY~DCCUPANCY-FOR-TAKE-OFF)}>3)>))

CABLK (COND ((NULL SET5) NIL)
T

{MAPCAR SETS
(FUNCTION
C(LAMBDA (X}
(@VALUE X
"RUNWAY-0CCUPANCY~FOR~LANDING)))))))
(BLKD (US:UNION DBLK ABLK))>
(CONDC(NULL BLKD) NIL)
(T(SORT BLKD
(FUNCTION

CLAMBDA (U V) (< (CAR U)X (CAR VI3)>333)))

(DEFUN US:POSSIBLE~QCCUPANCY (CAND BLKD)
(DOC(WORK1 CAND
(US:NEW-CADIDATE

WORK1
(CAR(SOME WORK2
C(FUNCTION
(LAMBDA (X)
(NOT (US:OVERLAP-TEST WORK1 X))>)3))3))
(WORK2BLXD

(COR(SOME WORK2
(FUNCTION

CLAMBDA (X)
(NOT (US:OVERLAP-TEST WORK1 X>3)))>)))
4
(OR(NULL WORK2)
(EVERY WORK2
(FUNCTION C(LAMBDA (X) (US:OVERLAP-TESY WORK1 X))3))
WORX1)))

(DEFUN US:OVERLAP-TEST (INT1 INT2)
(LETS ((T1 (US:HM-TO-MIN (CAR INT1)))
(T2 C(US:HM-TO-MIN (CADR INT1)))
(T3 (US:HM-TO-MIN (CAR INT2)))
(T4 (US:HM-TO-MIN (CADR INT2)3))
(COND (COR (<= T4 T1) (>= T3 T2)) T) (T NIL)I))
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(DEFUN US:NEW-CADIDATE (INT1 INT2)
CLETS ({T1 (US:HM-TO-MIN (CAR INT1)))
(T2 (US:HM-TO-MIN (CADR INT1)))
(T4 (US:IHM-TO-MIN (CADR INT2)2) (TIME (/- Y2 T1)))
(LIST (US:MIN-TO~HM T4) (US:MIN-TO-HM (/+ T4 TIME}))})

(DEFUN US:IFLIGHT~ON-EACH-SEGMENT? NIL

(LETS ((ROUT NOW~ROUTE) (TYPE NOW-TYPE)
CALTD NOW-CONFIRMED-ALTITUDE) (SPED NOW-SPEED)
CFLTM (US:FLIGHT-TIME ROUT SPED)))

C(US:MAKE-FLIGHT-PATTERN FLTM TYPE ALTD)

(SETQ@ NOW-FLIGHT-ON-EACH-SEGMENT
(US:MAPPING-PATTERN-ON-ROUTE ROUT SPED))

NOW-FLIGHT~ON-EACH-SEGMENT))

(DEFUN US:MAKE~FLIGHT-PATTERN (FLTM TYPE ALTD)
(SETQ FPATTERN (LEYS
CCLVTM (US:LEVEL-FLIGHT-TIME FLTM TYPE ALTD)))
(COND
CCAND (70< LVTM) (/0< ALTD))
(US:FLIGHT-PATTERN1 FLTM LVTM ALTD))

CCAND (/0= LVTM) (/0< ALTD))
(US:FLIGHT-PATTERNZ FLTM ALTD))

(¢/0= ALTO) (US:FLIGHT-PATTERN3 FLTM))

(T (FORMAT “FLIGHT~PATTERN ERROR™))>)>)))

(DEFUN US:FLIGHT-PATTERN1 (FLTM LVTM ALTD)
(LETS ((CDTM (/7 (/- FLTM LVTM) 2)))
CLISTCLIST 0 O)
(LIST CDTM ALTD)
(LIST (/+ CDTM LVTM) ALTO)
C(LIST FLTM 0))))

(DEFUN US:FLIGHT-PATTERN2 (FLTM ALYD)
(LETS C{CDTM (// FLTM 2)))
CLIST (LIST O 0> (LIST CDTM ALTD) (LIST FLTM 0))))

(DEFUN US:FLIGHT-PATTERN3 (FLTM) (LIST (LIST 0 0) (LIST FLTM 0)))

(DEFUN US:MAPPING-PATTERN~ON-ROUTE (ROU SPED)
(LETS ({(SET1 (QFRAME~FIND 'DEPARTURE~AIRPORT (NTH O ROU)))
(SET2 (QFRAME-FIND 'ARRIVAL-AIRPORT (NTH 2 ROU)))
(SET3 (AFGET 'ROUTE-LIST 'INSTANCE ‘¥LINK))
C(ROUT (CAR (US:IINTERSECTION
C(US:INTERSECTION SET1 SET3)
(US:INTERSECTION SET2 SET3))))
(FIXS (QAFGET ROUT 'PASSING-FIX '¥VALUE '(O)))
{SGTM (DO
C((WORK1 FIXS (CDR WORK1))
(WORK2Z 0O
C(LETS
((SEGM (US:CUTOUT~SEGMENT WORK1))
(FLTM
(US:SEGMENT~FLIGHT-TIME SEGM
SPEDY))
C(/+ WORK2 FLTM)))

(WORK3 NIL
(LETS
((SEGM (US:CUTQUT~SEGMENT WORK1))
(FLTM
(US:SEGMENT~FLIGHT~TIME SEGM
SPED))

(FXTM
(US:FIX~PASSING~TIME WORK2 FLTM)))
C(PUSH (LIST SEGM FXTM) WORK3)>>))
(CEQ (LENGTH WORK1) 1) (REVERSE WORK3)))))
(US:MAPPING-PATTERN-ON-SEGMENT SGTM)))

(DEFUN US:CUTOUT-SEGMENT (WORK1) (LIST (CAR WORK1) (CADR WORK1)))

(DEFUN US:SEGMENT~FLIGHT-TIME (SEGM SPED)
(LETS ( (DIST (RFGET (CAR
(US:UNION
C(US:INTERSECTION
(@FRAME-FIND 'BEGIN-FIX (CAR SEGM))
(AFRAME-FIND "END-FIX (CADR SEGM)))

C(US:INTERSECTION
(9FRAME-FIND 'BEGIN-FIX (CADR SEGM))
(QFRAME-FIND 'END-FIX (CAR SEGM)))))
"DISTANCE
"¥VALUE
TN
(FIX (/+¥% (3% 60.0 (//¥ (FLOAT DIST) (FLOAY SPED))) 0.5))))

(DEFUN US:FIX-PASSING-TIME (WORK2 FLTM) (LIST WORK2 (/+ WORK2 FLTM)))

C(DEFUN US:MAPPING-~PATTERN-DN-SEGMENT (SGTM)
C(LETS ((SEGTAC (US:CALCULATE-TIME-ALTITUDE-COORDINATE SGTM)))
(US:FINAL-ARRANGEMENT-ON~EACH-SEGMENT SEGTAC)))

COEFUN US:CALCULATE-~TIME~ALTITUDE-COORDINATE (SGTM)
(MAPCAR SGTM
(FUNCTION
CLAMBDA  (X)
CAPPENDX
(US:TIME-ALTITUDE-COORDINATE-ON-SEGMENT
CCADR X))33)))
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(DEFUN US:TIME-ALTITUDE-COORDINATE-ON-SEGMENT (TT)
(DOC(WORK1 FPATTERN (CDR WORK1))
C(WORK2NIL
(CONDCC(US:INTERSECTION-TEST (CAR WORK1) (CADR WORK1)

(PUSH
(US:CUTQUT-FROM-SEGMENT (CAR WORK1)
(CADR WORK1) TT)
WORK2))
(T WORK2))))
(CEQ (LENGTH WORK1) 1) (REVERSE WORK2))))

(DEFUN US:INTERSECTION-TEST (P1 P2 TT)
(LETS ((P1T (CAR P1)) (P2T (CAR P2)) (T1Y (CAR TT))
(T2T (CADR TT)))
C(COND ((NOT (DR (<= P27 T1T) (<= T2T P1T))) T) (T NIL))»

(DEFUN US:CUTOUT-FROM-SEGMENT (P1 P2 TT)
(LETS ((P1T (CAR P1)) (P2T (CAR P2)) (P1A (CADR P1))
(P2A (CADR P2)) (T1T (CAR TT)) (T2T (CADR TT))
(C1T (COND ((<= T1T P1T) P1T)
(< PI1T T1T) T1T)
(T (FORMAT “C1T-CUTOUT ERROR™))))

(C2T (COND ((<= P2T T2T) P2T)
(< T2T P2T) T2T)
(T C(FORMAT "C2T-CUTOUT ERROR’))))>

(C1A (/+¥ (FLOAT P1A)
(x¥
¢//7% (FLOAT (/- C1T P1TH
(FLOAT (/- P2T P1T)))
(FLOAT (/- P2A P1AY)))

(C2A (/+¥ (FLOAT P1A)
(x¥
(/7% (FLOAT (/- €27 P1T))
CFLOAT (/- P2T P1T)))
CFLOAT (/- P2A P1AD)))I))
C(LISTCLIST C1T Cx (/7 (/+ (FIX (/+¥ C1A 0.5)) 5) 10) 10))
C(LIST C2T (3 (// (/+ (FIX (/+¥ C2A 0.5)) 5) 10) 103)>))»)

(DEFUN US:FINAL-ARRANGEMENT-ON-EACH-SEGMENT (SEGTAC)
C(LETS (C(ARR1 (US:ARRANGE1 SEGTAC))
(BEGN (CADR NOW-RUNWAY-OCCUPANCY-FOR-TAKE-0OFF)))
(US:ARRANGE2 ARR1 BEGN)))

(DEFUN US:ARRANGE1 (SEGTAC)
(MAPCAR SEGTAC
C(FUNCTION
(LAMBDA (X}
CCONDCCEQ (LENGTH (CDDR X)) 1)
CLIST (NTH O X) (CAR (NTH 2 X)) (CADR (NTH 2 X)2))
[¢
(EQ@ C(LENGTH (CDDR X)) 2)
C(LIST(NTH 0 XO
(CAR (NTH 2 X))
(CAR (NTH 3 X))
C(CADR (NTH 3 X)>)))
[4
C(EQ (LENGTH (CDDR X)) 3)
CLESTINTH 0 XD
(CAR (NTH 2 X))
(CAR (NTH 3 X))
(CAR (NTH & X))
(CADR (NTH & X>2))
(T (FORMAT "ARRANGE1 ERRGOR")))))))

(DEFUN US:ARRANGE2 C(ARR1 BEGN)
(MAPCAR ARR1
CFUNCTION
(LAMBDA (X}
(CONS (CAR X) (US:TIME-CONVERSION (CLDR X) BEGN))))))

(DEFUN US:TIME-CONVERSION (Y BEGN)
(CONDCCNULL Y) NIL)
(TCCONS (LIST (USIMIN-TO-HM
(/+ (CAAR Y) (US:HM-TO-MIN BEGN)))
(CADAR Y))
CUS:TIME-CONVERSION (CDR Y)> BEGN))?)))

(DEFUN US:RUNWAY-OCCUPANCY~FOR-LANDING? (LAST-CLEARANCE)
(LETS C((CAND (US:OCCUPANCY-CANDIDATE-L))
(BLKD (USIBLOCKED-INTERVALS-L LAST-CLEARANCE)))
(SETQ NOW-RUNWAY-OCCUPANCY-FOR-LANDING
(CONDC(NULL LAST-CLEARANCE) CAND)
(T (US:POSSIBLE-OCCUPANCY CAND BLKD)>)))
NOW-RUNWAY-OCCUPANCY-FOR-LANDING))

(DEFUN US:OCCUPANCY-CANDIDATE-L NIL
(LETS ((TYP NOW-TYPE)
(BGN (CAR (CAR
(LAST
(CAR
(LAST NOW-FLIGHT-ON-EACH-SEGMENT))))))
C(END (US:LANDING-RUNWAY-OCCUPANCY-END-TIME BGN TYP)))
(LIST BGN END)))

(DEFUN US:LANDING-RUNWAY-OCCUPANCY~END~TIME (BGN TYP)
(US:MIN~TO~HM
C/+C(US:HM-TO-MIN BGN)
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(US:LANDING-RUNWAY-OCCUPANCY-TIME TYP))))

.
(DEFUN US:LANDING-RUNWAY-OCCUPANCY-TIME (TYP)
(LETS <((TRK (CADR TYP))
C(IND (US:STRING-TO-NUMBER (SUBSTRING TRK 4 5)))
(MTX (QVALUE "@DATA 'LANDING-RUNWAY-TIME-MATRIX))
(DNF (COND ((= IND 1) (CAR MTX))
< IND 2) (CADR MTX))
(<= IND 3) (CADDR MTX})}
o
(FORMAT
“LANDING-RUNWAY-OCCUPANCY-TIME ERROR”)))))
(US:TIME-DECISION-BY-DNF-&-RN DNF)))

(DEFUN US:BLOCKED-INTERVALS-L (LAST-CLEARANCE)
(LETS ((APOR NOW-ARRIVAL-AIRPORT)
(SET1 (DO ((LINK LAST-CLEARANCE (QVALUE LINX ‘'LAST))
CCHAIN NIL (PUSH LINK CHAIN)))
C(NULL LINK)Y CHAINY))

(SET2 (RFIND-IN-LEVEL
'*ATC-CLEARANCE
C(LIST (LIST 'DEPARTURE-AIRPORT APQR))))

(SET3 (QFIND-IN-LEVEL
"ATC-CLEARANCE
(LIST (LIST 'ARRIVAL-AIRPORT APOR))))
(SET4 (US:INTERSECTION SET1 SET2))
(SETS5 (US:INTERSECTION SET1 SET3))
(DBLK (COND ((NULL SET&) NIL)
T
(MAPCAR SET4
C(FUNCTION
(LAMBDA (X
(AVALUE X
'RUNWAY~OCCUPANCY-FOR-TAKE=OFF3>333))

(ABLK (COND C(NULL SETS) NIL>

(MAPCAR SETS
(FUNCTION
{LAMBDA (X)
(DVALUE X
'"RUNWAY-DCCUPANCY-FOR-LANDING3))))))
{(BLXD (US:UNION DBLK ABLK)))
(CONDC(NULL BLKD) NIL>
(T(SQRT BLKD
(FUNCTION

CLAMBDA (U V) (< (CAR U)X (CAR V2311

(DEFUN US:TAXIING-AFTER-LANDING? NIL
CLETS ((TYP NOW-TYPE)
(BGN (CADR NOW-RUNWAY-OCCUPANCY-FOR-LANDING))
(END (US:LANDING-TAXI~END-TIME 8GN TYP)))
(SETQ@ NOW-TAXIING-AFTER-LANDING (LIST BGN ENDD)
NOW-TAXIING-AFTER-LANDING))

(DEFUN US:LANDING~TAXI-END-TIME (BGN TYP)
(USTMIN-TO-HM
¢/+ (US:HM-TO-MIN BGN) (US:LANDING-TAXI-TIME TYP))))>

(DEFUN US:LANDING-TAXI-TIME (TYP)
(LETS ((TRK (CADR TYP))
(IND (US:STRING-TO-NUMBER (SUBSTRING TRK 4 5)))
(MTX (QVALUE '@DATA 'LANDING-TAXI-TIME-MATRIX))
(DNF (COND ((= IND 1) (CAR MTX))
¢(= IND 23 (CADR MTX))
((= IND 3) (CADDR MTX))
(T (FORMAT “LANDIND-TAXI-TIME ERROR")))})
(US:TIME-DECISION-BY-DNF-&=-RN DNF)))

(DEFUN US:ORDER-PLUS-ONE (LAST-CLEARANCE)
(/+ (DVALUE LAST-CLEARANCE 'ORDER) 1))

(DEFUN US:FLIGHT-LEVELS (ORD)
C(LETS ((TR (US:TYPE-RANK2 ORD)) (RR (US:ROUTE-RANK2 ORD))
(RD (US:ROUTE-DIRECTION2 ORD))
(FLS (AVALUE '&DATA 'FLIGHT-LEVELS)))
(UYS:SELECT-POSSIBLE~-LEVELS TR RR RD FLS)))

(DEFUN US:TYPE-RANK2 (ORD) (NTH 1 (US:TYPE? ORD>))
(DEFUN US:ROUTE-RANK2 (ORD) (NTH 3 (US:ROUTE? ORD)))

(DEFUN US:RQUTE-DIRECTIONZ (ORD)

(LETS ((FSCH (CAR (3FRAME-FIND 'ORLER ORD)))>
(RDEP (QFGET FSCH 'DEPARTURE~AIRPORT '¥VALUE '(0)))
(RARR (QFGET FSCH 'ARRIVAL-AIRPORT '¥VALUE '(0)))
(SET1 (AFRAME~FIND 'DEPARTURE-AIRPORT RDEP))
(SET2 (8FRAME-FIND 'ARRIVAL-AIRPORT RARR))
(SET3 (QFGET 'ROUTE-LIST 'INSTANCE '"¥LINK))
(ROUT (CAR

(US:INTERSECTION (US:INTERSECTION SET1 SET3)
C(US:INTERSECTION SET2 SET3)))))
(FFGET ROUT 'DIRECTION '¥VALUE '(0X3))

(DEFUN US:ALTITUDE-IN-DEFAULT? (FL)
(SET@ NOW-ALTITUDE FL)
(US:CONFIRM-ALTITUDE))

(DEFUN US:CONFLICT-CHECK (FRESH-CLEARANCE)

f
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(DOC(WORK (AVALUE FRESH-CLEARANCE 'LAST) (QVALUE WORK 'LAST))>
C(NULL WORK) NIL)
(CONDC(US:CHECK-CLR-TO-CLR FRESH-CLEARANCE WORK) (EXIT T233)»)

(DEFUN US:CHECK-CLR-TO-CLR (FCLR LCLR)
(LETS ((FALT (@VALUE FCLR 'ALTITUDE))
CLALT (@VALUE LCLR 'ALTITUDE)D)
CCONDC(OR (EQ FALT 0) (EQ LALT 0> (NEG FALT LALT)) NIL)
(TC(LETS ( (FSEG
(US:REMOVE-NIL (US:SEGMENT-SET FCLR FALT)))

(LSEG
(US:REMOVE-NIL (US:SEGMENT-SET LCLR LALT)Y))
(FFIX (US:REMOVE~NIL (US:FIX-SET FCLR FALT)))
(LFIX (US:REMOVE-NIL (US:FIX-SET LCLR LALT))))
C(CONDCCAND (NULL (US:SEG-INTERSECTION FSEG LSEG))
(NULL (US:FIX-INTERSECTION FFIX LFIX)))
NIL)
((US:CHECK~SEG-TO~SEG FSEG FALT LSEG LALTY T)
((US:CHECK-FIX-TO-FIX FFIX FALT LFIX LALT) T)
(T NILY)IYY

(DEFUN US:SEGMENT-SET (CLR ALT)
(MAPCAR (@VALUE CLR 'FLIGHT-ON-EACH-SEGMENT)
CFUNCTION
(LAMBDA (XD
(CONDC(SOME (CDR X)
(FUNCTION (LAMBDA (Y) (EQ (CAOR Y) ALT))))

X
(T NILYY)DY

(DEFUN US:FIX-SET (CLR ALT)
(MAPCAR (@VALUE CLR 'FLIGHT~ON-EACH-SEGMENT)
(FUNCTION
(LAMBDA (X)
(CONDC(EQ (CADADR X)> ALT) (LIST (CAAR X) (CAADR X))
(T NILDDION)

(DEFUN US:REMOVE-NIL (LST»
(DOC(WORK1 LST (CDR WORK1))
(WORK2NIL
CCONDC(NULL (CAR WORK1)) WORK2)
(T (PUSH (CAR WORK1) WORK2))3))
C(NULL WORK1) (REVERSE WORK23)3>)

(DEFUN US:SEG-INTERSECTION (FSEG LSEG)
(US:INTERSECTION
(MAPCAR FSEG (FUNCYION (LAMBDA (F) (CAR F))))
(MAPCAR LSEG (FUNCTYION (LAMBDA (L) (CAR L>>)>))

(DEFUN US:FIX-INTERSECTION (FFIX LFIX)
(US:INTERSECTION
(MAPCAR FFIX (FUNCTION (LAMBDA (F) (CAR F))))
(MAPCAR LFIX (FUNCTION (LAMBDA (L) (CAR L)1)

(DEFUN US:CHECK-SEG-TO-SEG (FSEG FALT LSEG LALT)
(LETS ((F1 (US:FIRST-FALT-POINT FSEG FALT))
(F2 (US:LAST-FALT-POINT FSEG FALT))
(L3 C(US:FIRST-LALT-POINT FSEG LSEG LALT))
(L2 CUS:LAST-LALT-POINT FSEG LSEG LALT»))
(US:CHECK-DISTANCE-MINIMUM F1 F2 L1 L2)))

(DEFUN US:FIRST-FALT-POINT (FSEG FALT)
C(LETS ((FST (CAR FSEG)) (DST (US:SEGMENT-DISTANCE (CAR FST)))
(BGN (CAR (SECOND FST))) (END (CAR (CAR (LAST FST))>))
(F1T (CAR (CAR
(SOME (CDR FST)
C(FUNCTION
C(LAMBDA (X) (EQ (CADR X) FALT}>)))))

C(F1D (COND ((EGQ BGN END) 0}
v
(¥
(/7% (FLOAT DST)
(FLOAT
(/~ (USIHM-TQ-MIN END)
(US:HM-TO-MIN BGN))))

(FLOAT
(/- (US:HM-TO-MIN F1T)
(US:HM-TO-MIN BGN)>>>))))?
C(LIST F1T (FIX (/+¥ F1D 0.5)3)))

(DEFUN US:SEGMENT-DISTANCE (SEG)
(9FGET(CAR (US:UNION
CUS:INTERSECTION
(AFRAME-FIND 'BEGIN-FIX (CAR SEG))
(BFRAME-FIND 'END-FIX (CADR SEG)))
(USIINTERSECTION
(BFRAME-FIND 'BEGIN-FIX (CADR SEG))
(BFRAME~FIND 'END-FIX (CAR SEG)))))
'"DISTANCE
"¥VALUE
L0

(DEFUN US:LAST-FALT-POINT (FSEG FALT)
(LETS (C(LST (CAR (LAST FSEG)))
(DST (US:SEGMENT-DISTANCE (CAR LST)))
(BGN (CAR (SECOND LST)))> (END (CAR (CAR (LAST LST)»)))
CF2T (CAR (CAR
(SOME (REVERSE (CDR LSTY)
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CFUNCTION
(LAMBDA (X)> (E@ (CADR X) FALT))))»)))

(F2D (COND ((EQ BGN END) O)

(2¥
(//¥ (FLOAT DST)
C(FLOAT
(/- (US:IHM-TO-MIN END)
CUS:HM-TO-MIN BGN))))

(FLOAT
(/- (US:HM-TO-MIN F2T>
(US:HM=TO-MIN BGN)I)))I))
(SUM (US:DISTANCE-SUM-EXCEPT-LAST-SEGMENT FSEG)))
CLIST F2T (/+ SUM (FIX (/+¥ F20 0.5))))))

(DEFUN US:DISTANCE-SUM-EXCEPT-LAST-SEGMENT (FSEG)
(LETS ( (WSEG (CDR (REVERSE
(MAPCAR FSEG
(FUNCTION (LAMBDA (X) (CAR X3))))3)))
(US:DISTANCE-SUM WSEG)))

(DEFUN US:DISTANCE-SUM (WSEG)
(COND ((NULL WSEG) O}
(T(/+ (US:SEGMENT-DISTANCE (CAR WSEG))
(US:DISTANCE-SUM (CDR WSEG))))))

(DEFUN US:FIRST-LALT-POINT (FSEG LSEG LALT)
(LETS ((CSEG (US:CUTOUT~COMMON-PART FSEG LSEG)))
CCOND((US:CONNECTEDNESS~CHECK CSEG)
(FORMAT “CONNECTEDNESS-CHECK 0UY”})
(T (USICALCULATE-L1 FSEG CSEG LALTY))M)

(DEFUN US:CUTOUT~COMMON-PART (FSEG LSEG)
(US:REMOVE-NIL
(LETS ((COMM (US:SEG-INTERSECTION FSEG LSEG)))
(MAPCAR LSEG
(FUNCTION
(LAMBDA (X}
(COND ((MEMBER (CAR X) COMM) X) (T NIL)>))>)))

(DEFUN US:CONNECTEDNESS-CHECK (CSEG)
(DOC(WORK CSEG (CDR WORK)))
C((EQ (LENGTH WORK) 1) NIL)
(COND ((NOT (EQUAL (CADAR (FIRST WORK)) (CAAR (SECOND WORK))))
CEXIT T)))))

(DEFUN US:CALCULATE-L1 (FSEG CSEG LALT)
(LETS ((FST (CAR CSEG))
(COR (DO ((WORK1 FSEG (CDR WORK1))
(WORK2 O
(/+ WORK2
(USISEGMENT-DISTANCE
(CAR (CAR WORK13)))))
(CEQUAL (CAR (CAR WORK1))> (CAR FST)) WORK2)))
(DST (US:SEGMENT-DISTANCE (CAR FST)))
(BGN (CAR (SECOND FST))) (END (CAR (CAR (LAST FST)>))
(L1T (CAR (CAR
(SOME (CDR FST)
C(FUNCTION
(LAMBDA (X) (EG (CADR X) LALT»)))))

(L1D (COND ((EQ BGN END) 0)

(s¥
(/7% (FLOAT DST)
(FLOAT
(/- (YS:HM-TQ-MIN END)
(USIHM-TO~MIN BGN))))
C(FLOAT

(/- (US:HM-TO-MIN L1T)
(US:HM~TO-MIN BGN))))>)>)))
CLIST LAT (/+ COR (FIX (/+¥ L1D 0.5))3)))

(OEFUN US:LAST-LALT-POINT (FSEG CSEG LALT)
(LETS ((CSEG (US:CUTOUT-COMMON-PART FSEG LSEG)))
(CONDC((US:CONNECTEDNESS-CHECK CSEG)
(FORMAT “CONNECTEDNESS-CHECK QUT"”)>)
(T (US:CALCULATE-L2 FSEG CSEG LALTY))))

(DEFUN US:CALCULATE-L2 (FSEG CSEG LALT)
(LETS ((FST (CAR CSEG))
(COR (DO ((WORK1 FSEG (CDR WORK1))
(WORK2 0
(/+ WORK2
(US:SEGMENT-DISTANCE
(CAR (CAR WORK1))))))
CCEQUAL (CAR (CAR WORK1)) (CAR FST)) WORK2)))
(LST (CAR (LAST CSEG)))
(DST (US:SEGMENT-DISTANCE (CAR LST)))
¢(BGN (CAR (SECOND LST)>)) (END (CAR (CAR (LAST LST))))
(L2T (CAR (CAR
(SOME (REVERSE (COR LST))
CFUNCTION
(LAMBDA (X) (EQ (CADR X) LALT?))))))

(L2D (COND (CEQ BGN END) 0)
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¢//¥% (FLOAT DST)
(FLOAT
(/- (US:HM-TO-MIN END)
(US:HM-TO-MIN BGN))))

(FLOAT
(/- (US:HM-TO-MIN L2T)
(US:HM-TQ-MIN BGN))))>)))
(SUM (US:DISTANCE-SUM-EXCEPT-LAST-SEGMENT CSEG)))
(LIST L2T (/+ COR SUM (FIX (/+¥ L2D 0.53)))))

(DEFUN US:CHECK-DISTANCE-MINIMUM (F1 F2 L1 L2)
C(LETS ((F1T (CAR F1)) (F2T (CAR F2)) (L1T (CAR L1))
(L2T (CAR L2)))
CCONDC(OR (< L2T F1T) (< F27 L1T)) NIL)
(T (US:CHECK-ON~COMMON-TIME-INTERVAL F1 F2 L1 L2)))))

(DEFUN US:CHECK-ON-COMMON-TIME-INTERVAL (F1 F2 L1 L)
C(LETS C(F1T (CAR F1)) (F2T (CAR F2)) (L1T (CAR L1))}
€L2T (CAR L2))
(C1T (COND ((<= LAT F1T) FIT)
(< FAT L1T) L1T)
(T (FORMAT "COMMON-TIME-INTERVAL ERRGR"))))

(C2T (COND ((<= F2T L2T) F2T)
(< L2T F2T) L2T)
(T (FORMAT "“CDMMON-TIME-INTERVAL ERROR”))))
(FC1D (US:CALCULATE-POSITION F1 F2 CiT))
(FC2D ALCULATE-POSITION F1 F2 C2T))
(LC1D ALCULATE-POSITION L1 t2 C1T))
(LC2D (US:CALCULATE-POSITION L1 L2 C2T)>)
(US:CONFLICT-CHECK1 FC1D FC2D LCID LC202))

(DEFUN US:CALCULATE-POSITION (BGN END CTM)
(LETS ((BGNT (CAR BGN)) (ENDT (CAR END)) (BGND (CADR BGN))
CENDD (CADR END))
{CDST (COND ((EQ BGNT ENDT) O)
T
(x¥
(/7% (FLOAT (/- ENDD BGND))
(FLOAT
(/- C(US:HM-TD-MIN ENDT)
C(US:HM-TQ-MIN BGNTJ)))

(FLOAT
(/- (US:HM-TO-MIN CTM)
(US:IHM=-TO-MIN BGNT)>)>)))) )
(FIX (/+¥ CDST 0.533))

(DEFUN US:CONFLICT-CHECK1 (FC1D FC2D LC1D LC2D)
CCONDC(OR (EQ FC1D LC1D) (EQ FC2D LC2D)) T
(T (US:CONFLICT-CHECK2 FC1D FC2D LC1D LC2D))))

(DEFUN US:CONFLICT-CHECK2 (FC1D FC2D LC1D LC2D)
CCONDC(OR (AND (/0< (/- FC1D LC1D)) (/0> (/- FC2D LC2D)))
C(AND (/0> (/- FC1D LC10))> (/0< (/- FC2D LC2D))))

T
(T (US:CONFLICT-CHECK3 FC1D FC20 LC1D LC2D))))

{DEFUN US:CONFLICT-CHECK3 (FC1D FC2D LC1D LC2D)
C(LETS ((SEPA (QVALUE '@DATA 'SEPARATION-STANDARD)))
(COND((< (MIN (ABS (/- FC1D LC1D>) (ABS (/- FC2D LC2D)>) SEPA}

T
(7 NILI®)

(DEFUN US:CHECK-FIX-TD-FIX (FFIX FALY LFIX LALT)
(CONDC(SOME FFIX
(FUNCTION
C(LAMBDA (X) (US:FIND-CONFLICTION-ON-FIX X LFIX))))

™
(T NILD))

(DEFUN US:FIND-CONFLICTION-QGN-FIX (X LFIX)
C(COND((SOME LFIX
C(FUNCTION
C(LAMBDA (Y)
C(ANDCEQUAL (CAR X) (CAR Y))
C(EQUAL (CADR X) (CADR Y))))»)

T
(T NILYY)

(DEFUN US:SOLUTION-QUTPUT (END-CLEARANCE)
C(LETS (CENDFLT (QVALUE '@DATA 'END-FLIGHT))
(SLTION (DD
((X END-CLEARANCE (B8VALUE X 'LAST))
CY NIL (PUSH X Y)))
CONULL XY Y3)))
(FORMAT
“WE FOUND A SOLUTION IN WHICH /C FLIGHTS DO NOT CONFLICT EACH OTHER /N”
ENDFLT)
(FORMAT "/C /N” SLTIONY))

ey REERT wsx
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(ADEFRAME

"AIR-TRAFFIC-DATA

' (CLASS (¥VALUE (GENERIC)))

*(SUBC (¥LINK (AIRPORT-LIST)
C(AIRLINE-LIST)
(TYPE-LIST)
(FLIGHT-SCHEDULE-LIST)
CIDLE-LINE-LIST)
(FIX-LIST)
(SEGMENT-LIST)
(ROUTE-LIST))))

(ADEFRAME
*AIRPORT
'(CLASS (¥VALUE CINDIVIDUAL)))
" (AKO (¥LINK (AIRPORY-LIST)))
* (NUMBER)
" (ABBREV)
' (NAME))

C(ADEFRAME
"AIRPORT-LIST
"(CLASS (¥VALUE (GENERIC)))
TCSUPERC (¥LINK (AIR-TRAFFIC-DATAI)))

(RDEFRAME
“AIRLINE
T(CLASS (¥VALUE C(INDIVIDUAL)))
"C(AKO C(¥LINK (AIRLINE-LIST)))
' (NUMBER)
' CABBREV?
' (NAMEDY)

(@DEFRAME
"AIRLINE-LIST
" (CLASS (¥VALUE (GENERIC)))
* (SUPERC (¥LINK (AIR-TRAFFIC-DATA))))

(ADEFRAME
*TYPE
" (CLASS (¥VALUE CINDIVIDUAL)Y))
' CAKO (¥LINK (TYPE-LIST)))
" (NUMBER)>
* CABBREV)
* (CODE)Y
T (NAMED))

C(ADEFRAME
'TYPE-LIST
' (CLASS (¥VALUE (GENERIC)))
" (SUPERC (¥LINK (AIR-TRAFFIC-DATA)))

(@DEFRAME
"FLIGHT-SCHEDULE
"(CLASS (¥VALUE CINDIVIDUAL)))
*CAKO (¥LINK (FLIGHT-SCHEDULE-LIST)))
" (NUMBER)
' (DEPARTURE-AIRPORT)
* (ARRIVAL-AIRPORT)
' CAIRLINED
' (FLIGHT-NUMBER)
TCTYPE)
"(DEPARTURE-TIME)
' CARRIVAL-TIME))

(ADEFRAME
*FLIGHT-SCHEDULE-LIST
‘(CLASS (¥VALUE (GENERIC)))
' (SUPERC (¥LINK (AIR-TRAFFIC-DATAY)))

C(ADEFRAME
"IDLE-LINE
"C(CLASS (¥VALUE CINDIVIDUAL)D)
" CAKO (¥LINK CIDLE-LINE-LIST)))
* (NUMBER)
" (DEPARTURE-AIRPORT)
‘ C(ARRIVAL-AIRPORT))

(BDEFRAME
'IDLE~LINE-LIST
*(CLASS (¥VALUE (GENERIC)))
" (SUPERC (¥LINK (AIR-TRAFFIC-DATA))))

(aDEFRAME
TFIX
"CCLASS (¥VALUE (INDIVIDUALD))
"CAKO (¥LINK (FIX-LIST)))
* (NUMBER>
' (ABBREV)
' (NAME))

(QDEFRAME
"FIX-LIST
"CCLASS (¥VALUE (GENERIC)))
' (SUPERC (¥LINK C(AIR-TRAFFIC-DATA)}))

(ADEFRAME
"SEGMENT
*(CLASS (¥VALUE (INDIVIDUAL)))
' (AKO C(¥LINK (SEGMENT-LIST)))
" (NUMBER)
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"(BEGIN-FIX)
"(END-FIX)
‘(DISTANCE))

(BDEFRAME
"SEGMENT-LIST
'(CLASS (¥VALUE (GENERIC)))
'(SUPERC (¥LINK (AIR-TRAFFIC-DATA))))

(BDEFRAME
'ROUTE
"(CLASS (¥VALUE (INDIVIDUAL)))
‘CAKO (¥LINK (ROUTE-LIST)))
' (NUMBER)
'(DEPARTURE~AIRPORT)
' CARRIVAL-AIRPORT)
"(DIRECTION)
" (PASSING-FIX))

(ADEFRAME
"ROUTE-LIST
'(CLASS (¥VALUE (GENERIC)))
"(SUPERC (¥LINK (AIR-TRAFFIC-DATA))))

(COMMENT (USER FUNCTION))
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(ADEFRAME

"AIR-TRAFFIC-DATA

"(CLASS (¥VALUE (GENERIC)))

"{SUBC (¥LINK C(AIRPORT-LIST)
CAIRLINE-LIST)
(TYPE-LIST)
(FLIGHT-SCHEDULE-LIST)
CIDLE~LINE-LIST)
(FIX~LIST)
(SEGMENT-LIST)
(ROUTE-LIST))))

(@DEFRAME

"AIRLINE-LIST

"(CLASS (¥VALUE (GENERIC)))

" (SUPERC (¥LINK (AIR-TRAFFIC-DATA)))

" CINSTANCE

C(¥LINK (AIRLINEOOO1)

(AIRLINEGOO2)
CAIRLINEQOQO3)
CAIRLINEQOOGL)
CAIRLINEQOOCS)
CAIRLINEQO0S))))

(QDEFRAME
'"AIRLINEOOOY
"CAKO C(¥LINK C(AIRLINE~LIST)))
"(CLASS (¥VALUE (INDIVIDUAL)Y)
' (NUMBER (¥VALUE (1))
"CABBREV (¥VALUE (JALY))
"(NAME (¥VALUE (JAPANAIR))))

(DOEFRAME
"AIRLINEGOO2
'CAKO (¥LINK (AIRLINE-LIST>)>)
'(CLASS (¥VALUE CINDIVIDUAL)))
T (NUMBER (¥VALUE (2)))
' CABBREV (¥VALUE (ANA)))
' (NAME (¥VALUE C(ALL-NIPPON))))

(ADEFRAME
"AIRLINEOOO3
' CAKO (¥LINK C(AIRLINE-LIST)))
"CCLASS (¥VALUE (INDIVIDUAL)))
' (NUMBER (¥VALUE (3)))
*CABBREV (¥VALUE (JAS)))
" (NAME (¥VALUE (AIR-SYSTEM))))

(RDEFRAME
TAIRLINEOOOS
"CAKO C(¥LINK (AIRLINE-LIST)))
*(CLASS (¥VALUE (INDIVIDUAL)))
" (NUMBER (¥VALUE (4)))
'(ABBREV (¥VALUE (SWL)))
"(NAME (¥VALUE (NANSEL))))

(ADEFRAME
'"AIRLINEOOOS
*CAKO C(¥LINK CAIRLINE-LIST)))
' (CLASS (¥VALUE C(INDIVIDUALY)Y)
' CNUMBER (¥VALUE (5)))
' (ABBREV (¥VALUE (ANK)))
" (NAME C(¥VALUE ¢ANK-AIR)»))

(RDEFRAME
"AIRLINEOOOS
' (AKO (¥LINK (AIRLINE-LISTY))
*(CLASS (¥VALUE C(INDIVIDUAL)))
'(NUMBER (¥VALUE (&)
' (ABBREV (¥VALUE (JAC)))
" (NAME (¥VALUE C(COMMUTER)>))

(ADEFRAME

"AIRPORT-LIST

"C(CLASS (¥VALUE (GENERIC)Y))

' (SUPERC (¥LINK (AIR-TRAFFIC-DATA)))

' CINSTANCE

(¥LINK (AIRPORT0001)

(AIRPORT0002)
C(AIRPORTQ003)
CAIRPORTO004)
CAIRPORTO0005)
CAIRPORT0006)
CAIRPORTO0007)
CALRPORT0008)
CAIRPORT0009)
C(AIRPORT0010)
C(AIRPORTQ011)
CAIRPORTO0012)
CAIRPORTO0013)
CAIRPORTO0014)
(AIRPORTQO015)
CAIRPORTO0016)
CAIRPORTO017)
C(AIRPORT0018)
(AIRPORT0019)
CALRPORTO0020)
(AIRPORT0021)
CAIRPORT0022)
CAIRPORT0023)
CAIRPORTO024)
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(AIRPORTO0025)
(AIRPORTOQ026)
CAIRPORTQ027)
CAIRPORT0028)
(AIRPORT0029)
CAIRPORTOO030?
CAIRPORTO0031)
CAIRPORT0032)
CAIRPORT0033)
CAIRPORTO0034)
(AIRPORTO0035)
CAIRPORTQ036)
CAIRPORYQO037)
(AIRPORTO038)
CAIRPORT0039)
CAIRPORT0040)
CAIRPORTOQOQ41)
CAIRPORTOQO042)
CAIRPORTQ043)
CAIRPORTO0044)
C(AIRPORTO0045)
CALRPORTO0046)
C(AIRPORTCO047)
CAIRPORTO048)
CAIRPART0049)
(AIRPORTQO50)
(AIRPORTO051)
(AIRPORT0052)
(AIRPORT0053)
(AIRPORTQO0S4)
(AIRPORT0055)
(AIRPORT0056)
(AIRPORT0057)
(AIRPORT0058)
C(AIRPORT0059)
(AIRPORT0060)
(AIRPORT0061)
(AIRPORTQ062)
(AIRPORT0063)
(AIRPORT0G64)
(AIRPORTO0065)
(AIRPORTO066)
(AIRPORTQQ67)
(AIRPORT00682)))

(aDEFRAME
*AIRPORTO001
"(AKQO (¥LINK C(AIRPORT-LIST)))
' (CLASS (¥VALUE C(INDIVIDUAL)))
" (NUMBER (¥VALUE (1))
' (ABBREV (¥VALUE (JCR)))
'(NAME (¥VALUE (REBUN))))

(BDEFRAME
'"AIRPORT0002
*(AKO C(¥LINK (AIRPORT-LIST)))
'(CLASS (¥VALUE C(INDIVIDUAL)))
'"(NUMBER (¥VALUE (2)))
*(ABBREV (¥VALUE (JER)))
' (NAME (¥VALUE (RISHIRIJ)))

(QDEFRAME
*AIRPORTO00O3
'(AKO C(¥LINK CAIRPORT-LIST)))
'CCLASS (¥VALUE CINDIVIDUAL)))
* (NUMBER (¥VALUE (3)))
' CABBREV (¥VALUE (JCW)))
*(NAME (¥VALUE (WAKKANAI))))

(RDEFRAME
'AIRPORT0Q04
*CAKD C(¥LINK C(AIRPORT-LIST)))
'(CLASS (¥VALUE (INDIVIDUALYY)
" (NUMBER (¥VALUE (4)))
' (ABBREV (¥VALUE (JEB)))
T(NAME (¥VALUE (MONBETSU))))

(BDEFRAME
"AIRPORTO00S
* (AKO (¥LINK CAIRPORT-LIST)))
*(CLASS (¥VALUE (INDIVIDUAL))?
" (NUMBER (¥VALUE (5)))
' (ABBREV (¥VALUE (JCMI))
' (NAME (¥VALUE (MENANBETSUW))>))
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